Dairy farming in accordance with ecological methods contained in Polish and EU regulations is developing rapidly (Budzyńska and Weary, 2008) . The increased interest in ecological principles and methods of animal production is motivated by efforts to maintain a balance between economic needs and environmental protection, and *This work was financed from statutory activity No. 05-4.03.1 (4227.1). by the growing consumer interest in the health value of food and in the housing and welfare conditions of farm animals (Kristensen and Struck Pedersen, 2001 ). According to ecological principles, natural milk should be the basic liquid feed of calves to at least 90 days of age (Journal of Laws, 2009; Council Regulation, 2007) . In Poland, like in other European Union countries, calves of dairy breeds are most often fed according to traditional systems with limited amounts of liquid feeds from nipple buckets (Bilik and Łopuszańska, 2008) . Recent research shows that current feeding systems prevent animals from performing their natural behaviour, which negatively affects their welfare and health compared to calves that can ingest mother's milk ad libitum (Podgham, 2008) . It was also found that the amount and type of liquid feed given during this period of rearing has an effect on the anatomical and functional development of forestomachs (Barlett et al., 2006; Khan et al., 2007) and mammogenesis, which determines the subsequent productive value of heifer calves (Wagenaar and Langhout, 2007; Podgham, 2008; Sweeney et al., 2010) . However, exhaustive studies to determine the optimum method of feeding dairy breed calves, the optimum amount of milk fed and the economic efficiency of rearing in accordance with ecological principles are few in number.
The aim of this study was to determine the degree to which different colostrum and whole milk feeding systems according to ecological standards will affect the results and economic efficiency of rearing, some blood biochemical and haematological parameters, and health status of Polish Black-and-White Holstein-Friesian calves.
material and methods experimental design, animal feeding and housing
The experiment was conducted at the Experimental Station Chorzelów Ltd. of the National Research Institute of Animal Production in 2009-2011 using 32 calves (16 heifer and 16 bull calves) of the Polish Black-and-White Holstein-Friesian breed from birth to 150 days of age. Four experimental groups (n = 8; 4 ♀ and 4 ♂) were established, differing in colostrum feeding regime from birth to 4 days of age and in whole milk feeding regime from 5 to 90 days of age, and using the same solid feeds in all the groups (Table 1) . Calves were assigned to experimental groups based on the analogue principle, taking into account birth date, birth weight and sex. All the groups were assembled within about 3 months. During the study one female calf from group IV was eliminated due to upper respiratory tract infection (in the first month of rearing).
During the colostrum feeding period, calves from groups I and II were kept with their mothers in calving pens, and in the remaining period of milk feeding, they were kept in individual straw-bedded pens (1.5 m × 1.0 m) like calves from the other groups. Pens had perforated side walls, holders for buckets of milk or drinking water, and containers for hay and concentrate. Buckets were suspended at a height of 70 cm above the floor of the pen, forcing the calves to adopt natural position during colostrum and milk feeding. Proper body position allows the passage of food through the esophageal groove directly into the abomasum (excluding rumen). At the end of the milk feeding period, calves were moved to group pens bedded with straw and equipped with automatic drinkers. Animals were housed in a barn equipped with a milking parlour, roof-ridge skylights, and supply and exhaust gravity ventilation. Calves and cows were subjected to routine (commissioned by the district veterinarian) medical examination for tuberculosis, brucellosis and leucosis; additionally, the health of the mammary gland (mastitis) was tested in cows using the California Mastitis Test. 
91-150
In all groups, identical level of feeding organic farm-produced feeds (concentrates 2.0 kg/day, meadow hay 1.8 kg/day), wilted grass silage -ad libitum 1 For composition and nutritive value of concentrate, see Table 2 .
measurements and chemical analyses Solid feed samples for chemical analyses were collected twice: at the beginning of the experiment and after weaning from milk.
The colostrum and milk intake from nipple buckets was recorded individually by daily weighing of feed offered and refused. The daily amount of milk intake by suckling calves was determined based on their weighing before and after suckling, on one day of each week of rearing "with mother" (Bar-Pelled et al., 1995) . Concentrate and meadow hay intake from 5 to 90 days was also monitored individually based on weighing (on two successive days of each milk feeding week) feed offered and refused. The intake of solid feeds from 91 to 150 days of age was evaluated based on weighing (on 2 successive days of weeks 16, 18 and 20) total feed offered and refused.
Body weight (at birth and at 5, 42, 90 and 150 days of age) was determined by weighing the calves each day before morning feeding.
Calf vigour was assessed according to the method using a scale from V3 to V0: V3 -full muscle tone, raised head, all reflexes retained, calf able to suckle on its own; V2 -weaker calf, with a reduced number of reflexes, partial muscle tone, requiring assistance when raising and support of head during suckling; V1 -neonates with only cardiac activity at calving, showing no reflexes or muscle tone; V0 -stillborn calves (no reflexes, no cardiac activity, no muscle tone), and diarrhoea and its intensity was judged based on faecal appearance and consistency on a 4-point scale (Kowalski, 2005) : 1 -normally formed (but not hard); 2 -soft (formless, resembles melting icecream); 3 -liquid, dripping (melts easily like pancake batter); 4 -watery.
At 2, 43 and 70 days of calves age, blood samples were collected from the jugular vein prior to morning feeding. Whole blood was analysed for haematological parameters, and blood serum for the concentration of immunoglobulins (IgG), glucose and cortisol.
Milk samples were collected once a week and preserved with Gropol. The amount of milk drawn from each cow after suckling by calves was monitored daily, and basic chemical composition of milk was determined at weekly intervals.
Samples of biological material intended for analyses were stored in a freezer at -20ºC.
Basic chemical analysis of the feeds was performed using standard procedures (AOAC, 2005) , and neutral (NDF) and acid detergent fibre (ADF) using the method described by Van Soest et al. (1966) .
The acetic and butyric acid content of silage was determined with a Varian 3400 gas chromatograph with 8200 CX autosampler. Lactic acid in silage was determined by high-performance liquid chromatography (HPLC) after centrifugation of water filtrates with 24% metaphosphoric acid using a Shimadzu chromatograph (column Nucleosil 250/4 -C18, detector UV-Vis SPP-6 AV and autosampler SIL-10 AX). The pH of silage was determined using an Elwro N 517 pH meter.
Haemoglobin was determined according to the method of Drabkin using a Spekol spectrophotometer at a wavelength of 540 μm, and haematocrit value with a micromethod by centrifugation in a haematoctrit tube at 3500 rpm for 5 min. Red and white blood cell counts were determined electrometrically with a digital cell counter (TUR ZG-2, Zeiss). Serum glucose and cortisol concentrations were determined with competitive enzyme immunoassay using Immulite 2000 analyser (Siemens), and the concentration of immunoglobulins (IgG) in accordance with the method described by Ślebodziński et al. (1982) .
The amount of milk drawn from each cow was determined with TRU-TEST milk meters. Fat, total protein, lactose and solids content of milk was determined with MilkoScan FT 120 (Foss Electric). The energy and protein requirement of a calf was calculated by comparing mean daily intake of energy (UFL) and protein digestible in the intestine (PDI) with the requirement reported in IZ PIB INRA for calves of large dairy breeds.
calculations and statistical analysis
The economic efficiency of rearing the calves in different feeding groups was determined from direct surplus, calculated as the difference between the market value of milk drawn from a cow after calf feeding and the value of the milk ingested by the calf. Feed costs were calculated according to the financial and accounting records of the experimental station, based on prices from the fourth quarter of 2011.
The feeding and health parameters obtained during the milk feeding period and the rearing results of the calves from birth to 150 days of age were analysed statistically with the ANOVA procedure of variance analysis using SAS statistical package (1999/2001 ). Significant differences between the groups were determined with Duncan's test. The other results for economic efficiency parameters and feeding indicators during the rearing period (days 91 to 150) were presented as the means for feeding groups.
results
The chemical composition and nutritive value of feeds, expressed in INRA units, are given in Table 2 . The data show that the nutrient content and nutritive value of milk, concentrates and roughages correspond to the values characteristic of good or medium quality feeds (Śliwiński et al., 2010) .
The results for daily feed intake (Table 3) showed that the milk feeding systems caused significant (P≤0.05 or P≤0.01) differences between the groups in the amount of milk and feed intake (groups III and IV) or differences (groups I and II) in meadow hay intake. Calves from group I had the highest milk and the lowest concentrate intake, those from group IV had the lowest milk and highest concentrate intake, with intermediate amounts ingested by calves from groups II and III.
The data indicate that calves from group I (Table 4 ) had a significantly (P≤0.01) higher intake of energy (UFL), crude protein (CP) and protein digestible in the intestine (PDI) from 5 to 90 and from 43 to 90 days of age compared to the other groups, and a significantly lower intake of dry matter compared to group IV. Feed and nutrient intake from 91 to 150 days of age was similar in all the groups. The milk feeding systems provided 100% or 111-119% of the energy requirement (UFL) of the calves compared to IZ PIB-INRA feeding standards. Calves from groups II and IV were provided with 92.3% and 98% of the requirement for protein (PDI) from 43 to 90 days of age, calves from groups II and III were also fed slightly below the requirement from 5 to 90 days of age, while calves from group I were fed in excess of the requirement in all milk feeding periods and calves from groups III and IV from 5 to 42 days of age. The groups fed from nipple buckets (III and IV) or using the "combined" system (II) throughout were characterized by a significantly (P≤0.01) higher amount of milk drawn and 2.4-3.8-fold higher economic efficiency of rearing compared to group I, in which calves were allowed to suckle their dams throughout the milk feeding period (Table 5) . No statistically significant differences (P>0.05) were found between the groups in milk yield or in content of the major milk components. Body weight (Table 6 ) at 90 and 150 days and daily gain during the milk feeding period were the highest in calves from group I, intermediate in groups II and III, and the lowest in group IV. The differences found were statistically significant (P≤0.05 or P≤0.01). No significant differences were observed between the groups in daily gain at 91-150 days of age. The cost of feed per kg gain during the feed milk period was higher in group I than in the other groups, with a similar feed cost in the remaining period of rearing. A tendency towards higher conversion of dry matter, crude protein and energy (UFL) per kg gain in different rearing periods was found in calves from group I, with a similar conversion of protein digestible in the intestine (PDI) in all the groups. No significant differences (P>0.05) were found between the groups in calf vigour at birth and in health of calves during the milk feeding period ( Table 7 ). Calves that were allowed to suckle their dams were relatively quick to suckle on their own, and short-term cases of diarrhoea only occurred during the first days of life but resolved spontaneously within a few days. There were also sporadic cases of diarrhoea in calves fed from nipple buckets, although they were more acute and in several cases required antibiotic treatment. No significant differences (P>0.05) were found between the groups in haematological blood parameters and serum glucose levels of the calves at 2, 43 and 70 days of age, or in serum immunoglobulin (IgG) concentrations at 2 and 70 days of age. Calves that were weaned after birth into pens and fed colostrum from nipple buckets had significantly higher (P≤0.01) serum cortisol concentrations on the second day of life compared to calves that stayed with their dams in calving pens during the colostrum feeding period. Higher cortisol concentrations compared to calves from groups I, III and IV were also observed at 43 days of age in calves from group II. No significant differences between the groups in serum cortisol concentrations were observed at 70 days of age.
discussion
Feed intake values for the period between 5 and 90 days of age indicate that compared to the calves that were allowed to suckle their dams, the use of limited milk feeding from nipple buckets caused a significant decrease in the amount of milk intake at the cost of increased concentrate and meadow hay intake. However, this did not compensate for the amount of energy intake (UFL) by the calves compared to those allowed to suckle their dams and decreased their body weight at the end of milk feeding. Also other studies (Foldager et al., 1997; Gratte, 2004; Fröberg et al., 2008) showed that calves fed intensively on whole milk were characterized by higher body weight at weaning from milk compared to limited feeding. Similar to our study, other authors (Wagenaar and Langhout, 2007) observed that calves suckling dams that were milked twice daily for 30 min had a daily milk intake of 8-10 l in the first weeks of rearing and more than 12 l later on, depending on the breed of cows and body weight of the calves. Based on our data and those of other authors (Wagenaar and Langhout, 2007) , it is believed that when feeding limited amounts of milk to calves, the amount of milk recommended for rearing one calf should be about 8 l in the first six weeks of life and 4-6 l per day in the remaining period of feeding. This feeding strategy enables doubling "birth" weight at eight weeks of age and rearing animals characterized by good health and optimum growth parameters for dairy breed cattle (Hoffman, 1997) . This was also confirmed by the values that we obtained for the energy and protein supply of the animals during the milk feeding period. They showed that the whole milk feeding systems for the calves provided 100% of the requirement for energy (UFL) and almost 100% of the requirement for protein digestible in the intestine (PDI), in accordance with the IZ PIB INRA feeding standards. In a study conducted on organic dairy farms with cattle producing an average of 5200-7100 kg milk, Wagenaar and Langhout (2007) also showed that keeping calves with mothers or foster mothers during rearing ensures better living conditions and a more natural environment, which also contributes to their better health. The same authors stress that cows selected as foster mothers were willing to accept the calves assigned to rearing, which also contributed to more complete udder evacuation and improved udder health. On the other hand, calves nursed only by foster mothers experience stress at weaning and show considerable differences in growth rate during the milk feeding period, as a result of competition for food. Moallen et al. (2006) and Khan et al. (2007) demonstrated, however, that calves fed whole milk containing many bioactive components are characterized by a more rapid anatomofunctional development of forestomachs and better milk performance parameters in the first lactation compared to the calves receiving analogous amounts of milk replacer liquid. More beneficial production results for the first lactation were also obtained in first-calf heifers which were allowed to suckle their dams for a shorter (up to 42 days of age) than longer period (up to 87 days of age) during calfhood (Foldager et al., 1997) .
Similar to our experiment, a study conducted on organic dairy farms (Gratte, 2004) reported no differences in the health parameters of the calves according to the milk feeding system (allowing calves to suckle their dams twice daily for 30 min during eight weeks or feeding milk from nipple buckets). In calves kept in group pens and fed from nipple buckets, the same author observed much more cases (67%) of cross-sucking and pen licking compared to suckling calves (20%). A questionnaire survey carried out on organic dairy farms in Sweden (Lidfors et al., 2002) showed that 26% of the farms allow calves to suckle their dams for 12 weeks, 17% for 1-2 weeks, and 3% for 6 weeks, while on other farms calves are fed from nipple buckets. Compared to rearing in pens or outdoor hutches only, rearing calves with milked mothers or unmilked foster mothers allows animals to show natural behaviours and habits such as the cow-calf bond, the natural sucking reflex, and a maternal reflex in the cow, which brings dairy farming closer to consumer expectations (Gratte, 2004; Langhout and Wagenaar, 2007) .
An important role in livestock breeding is attributed to the efficiency of feed utilization per unit of product and feeding costs. Our findings support the results of other authors (Foldager et al., 1997) that with different levels of whole milk feeding during the milk feeding period, the use of a uniform system of feeding solids feeds to calves after weaning from milk makes nutrient consumption similar. Also our results obtained for the amount of milk drawn per cow after "rearing" a calf and for the economic efficiency of rearing calves allowed to suckle mothers milked throughout the milk feeding period confirmed the results reported by other authors (Wagenaar and Langhout, 2007) . They showed that allowing the calves to suckle mothers milked throughout the 90-day milk feeding period reduces the amount of milk intended for sale and increases calf feeding costs. The same authors also observed that organic farms now use two principal systems of rearing calves after feeding their own mothers' colostrum: rearing "single" calves that suckle milked mothers two to three times daily or group rearing (2-4 calves) by one unmilked foster cow, as well as the combination of these two methods of rearing suckling calves, which is often used in agricultural practice.
The erythrocyte and leukocyte counts, the concentration of haemoglobin and haematocrit values determined in the calves at 2, 43 and 70 days of age were within the physiologically normal range (Kuleta, 1993; Winnicka, 1997) . These values were similar to the parameters reported by other authors for calves reared under optimum hygienic and feeding conditions (Bilik, 1999; Szewczyk and Walczak, 2006) . Also serum glucose levels in the blood collected from calves of the same age were close to the physiologically normal values (Winnicka, 1997) and to the results of some authors (Szewczyk and Walczak, 2008) . The values obtained for serum glucose levels are also indicative that the energy requirement of the calves during the milk feeding period has been met. The significantly lower serum cortisol level, found at two days of age in calves that were kept with their mothers during the colostrum feeding period shows that this approach creates more natural and less stressful living conditions compared to keeping calves in individual pens after birth and feeding them with colostrum from nipple buckets (Wilson et al., 1999; Szewczyk and Walczak, 2008) . Regardless of the colostrum feeding method, the similar serum concentration of immunoglobulins (IgG), found at two days of age in all the groups (13.1-14.2 g/l) is evidence that the calves were adequately supplied with antibodies from the colostrum of their mothers (Ramin et al., 1996; Skrzypek, 2002; Szewczyk and Walczak, 2008) . The immunity level obtained from colostrum is adequate when blood serum contains at least 10 g/l IgG at two days of age (Skrzypek, 2002) , which was also confirmed by the satisfactory calf vigour and health results in all the groups.
It is concluded that the use of the whole milk feeding systems together with ad libitum feeding of concentrate and meadow hay ensure normal growth parameters of the calves that conform to current breeding standards for the Polish Black-and-White Holstein-Friesian breed. Feeding calves with limited amounts of whole milk (5.8 or 4.8 l/day on average) from nipple buckets does not decrease haematological blood parameters, serum glucose and IgG concentrations or the health status of the calves compared to the calves allowed to suckle milked dams. Based on serum cortisol concentrations at two days of age it is believed that keeping dairy breed calves during the colostrum period in calving pens together with their mothers creates better, more natural and less stressful living conditions compared to keeping newborn calves in individual pens and feeding them with colostrum from nipple buckets. Compared to the calves suckling milked mothers throughout the milk feeding period, the use of economical milk feeding systems increases the economic efficiency of rearing and the amount of milk intended for sale by 350-760 l/cow.
Therefore, under Polish conditions, rearing in individual pens using limited amounts of milk fed from nipple buckets or "combined" feeding (especially for breeding heifer calves) should be the preferred system of rearing calves in organic farms producing market milk. The liquid feeding systems used in the experiment covered the energy requirements of calves and ensured their optimal growth rate, in accordance with the IZ PIB INRA standards. and body composition of dairy calves fed milk replacer containing different amounts of protein at two feeding rates. J. Anim. Sci., 84: 1454-1467. B a r -P e l l e d U., M a l t z E., B r u c k e n t a l I., F o l m a n Y., K a l i Y., G a c i t u a H., L e h r e r R. (1995) . Relationship between frequent milking or suckling in early lactation and milk production of high producing dairy cows. J. Dairy Sci., 78: 2727-2736. 
